Introduction-Questions remain regarding nodal evaluation and upstaging between thoracotomy (open) and Video Assisted Thoracic Surgery (VATS) approaches to lobectomy for early stage lung cancer. Potential differences in nodal staging based on operative approach remains as the final significant barrier to widespread adoption of VATS lobectomy. The current study examines differences in nodal staging between open and VATS lobectomy.
Introduction
The surgical approach for lung cancer treatment has traditionally been via a thoracotomy. However, due to the increased morbidity of open chest surgery, especially in lung cancer patients who often have multiple medical comorbidities, minimally invasive options are frequently utilized. Over the past two decades, video assisted thoracic surgery (VATS) has been increasingly used as a minimally invasive approach for lung cancer surgery, with excellent morbidity and mortality rates. [1] [2] [3] [4] Short-term advantages of VATS over thoracotomy are well documented: fewer complications, less pain, improved lung function, shorter recovery period and lower acute care costs. 3, [5] [6] [7] [8] [9] [10] [11] [12] VATS is particularly beneficial in the elderly (>70 years), with fewer complications and shorter hospital stay compared to thoracotomy. 5 The long-term efficacy of VATS versus thoracotomy (open) approaches for lung cancer surgery is uncertain. Survival following surgery for node-negative lung cancer is associated with the number of lymph nodes (LN) evaluated. 13, 14 Higher numbers of lymph nodes resected provide more complete staging and reduce the likelihood of missing metastatic lymph nodes. Research has demonstrated that variability exists in lymph node assessment with VATS compared to thoracotomy. 15 A critical study from the Society of Thoracic Surgeons (STS) General Thoracic Surgery Database (GTSD) found that an open approach identified a greater number of occult lymph node metastases compared to VATS. 16 Two recent studies also demonstrated superior lymph node staging with thoracotomy compared to VATS. 17, 18 Incomplete lymph node evaluation with VATS could compromise survival by leaving residual cancer and limiting staging data, thus impacting optimal treatment based on accurate staging.
In light of the potential differences in completeness of nodal staging and safety of VATS compared to thoracotomy, a critical gap exists regarding the optimal surgical approach (open vs. VATS) for early stage lung cancer treatment with respect to long-term survival. The current study was designed to examine differences in nodal staging between open and VATS lobectomy in a large, national, generalizable dataset.
Methods

Data Collection and Definition of Study Variables
The National Cancer Data Base (NCDB), an oncology outcomes database maintained by the American Cancer Society and the American College of Surgeons, represents approximately 70% of newly diagnosed cancer cases within the United States and is comprised of over 30 million historical records collected from more than 1500 Commission on Cancer -accredited facilities. The NCDB Participant Use File 2011 was queried for non-small cell lung cancer patients with clinical stage ≤T2N0M0 who underwent lobectomy in 2010-2011.
All lung cancers were staged using the American Joint Committee on Cancer (AJCC) 7 th Edition of Lung Cancer Staging guidelines. 19, 20 Surgical approach (VATS vs. open) was defined on an intention-to-treat basis, thus thoracoscopic cases converted to open were classified as VATS. The facility type was determined by Commission on Cancer program accreditation level and was based on types of services provided and case volume. 21 Community cancer programs treat 100-500 cancer cases per year, comprehensive community cancer programs treat > 500 cancer cases, and academic or research programs (including National Cancer Institute-designated cancer centers) treat > 500 cancer cases, in addition to providing postgraduate medical education.
Primary outcome variables of interest included thirty-day mortality, number of regional lymph nodes (LN) examined, regional LN positivity, AJCC pathologic nodal status (N stage), readmission within 30 days of surgical discharge, status of surgical margins, and length of surgical inpatient stay. Long-term survival data after 2006 is not available in the NCDB PUF 2011, and thus not available to be included within our analysis. Cases with unknown surgical approach, concomitant cancer diagnoses, palliative care, preoperative radiation, or missing primary outcome variables were excluded from the data set. After all inclusion and exclusion criteria were met, 16,983 cases remained available for analysis ( Figure 1 ). Approval for the study was exempted by the Institutional Review Board of Emory University.
Data Analysis and Statistical Methods
All data are presented as mean values with standard deviations or as counts with percentages. All data are complete except where noted within the text or footnotes of tables. Descriptive statistics for each variable were reported. All statistical tests were two-sided, with the alpha threshold of significance set at 0.05. The univariate association of each covariate with surgical approach and the categorical outcomes was assessed using the chisquare test for categorical covariates and ANOVA for numerical covariates. The univariate association of each covariate with inpatient stay was assessed using ANOVA for categorical covariates and Pearson correlation for numerical covariates.
To reduce the treatment selection bias, a propensity score matching method was implemented. The propensity scores were estimated through a logistic regression model that predicts surgical approach by all baseline covariates of interest in this study: facility type, sex, race, insurance, income, education, urban/rural, Charlson/Deyo comorbidity score, year of diagnosis, primary site, histology, grade, age, and tumor size (cm). Cases from the two surgical groups were matched without replacement to each other based on the propensity scores using a greedy matching algorithm. 22 The balance of covariates between the two treatment groups after matching was evaluated by calculating the standardized differences with a value < 0.10 as criteria of sufficient balance 23 (See Appendix 1 for propensity score distribution and balance check after matching). The outcomes were then compared between treatment groups using the matched sample. In order to assess differences and account for the matched design, McNemar's test was used for 2 level categorical outcomes, Bowker's test of symmetry was used for more than 2 level categorical outcomes, and a paired t-test was used for numerical outcomes.
Subgroup analyses were conducted separately for patients treated in academic/research program facility and for those with ≥7 regional lymph nodes examined. The same propensity score matching as described above was implemented to balance baseline covariates between two treatment groups, and the outcomes were compared in the matched sample (See Appendix 2 and 3). All statistical analysis were conducted using SAS Version 9.3 (Cary, NC) and SAS macros developed by the Biostatistics and Bioinformatics Shared Resource at the Winship Cancer Institute. 24 
Results
A total of 16,983 lobectomies were analyzed; 4,935 (29.1%) were performed via VATS. Descriptive statistics of the study cohort are shown in Table 1 . Females comprised 54.4% of the study cohort, and the average age was 66.7 (±10.1) years. Approximately half (50.7%) of all patients had a Charlson/Deyo comorbidity score of ≥1. Adenocarcinoma was the most common type of NSCLC resected (10,300 cases; 60.6%). Mean tumor size was 2.85 (±2.38) cm; 408 cases (2.4%) were associated with positive surgical margins. The mean number of lymph nodes (LN) examined was 9.67 (±7.2), and LN upstaging occurred in a total of 2,049 (12.1%) patients. Thirty-day mortality occurred in 315 patients (1.9%) and mean postoperative length of stay was 7.0 (±6.2) days. A total of 746 (4.4%) of patients had an unplanned readmission within 30 days of surgery.
Demographics and outcomes based on surgical approach are summarized in Table 2 Results from the propensity-matched sample are shown in the Table 3 . In 4,437 matched pairs, VATS remained associated with greater number of regional LN examined (mean 10.3 vs. 9.7; p<0.001). Nodal upstaging remained more common for open approaches (11.9 vs. 10.1%; p=0.008). Upstaging with thoracotomy compared to VATS was more common at N1, but not N2, nodal stations. Similar to the results in univariate analysis, VATS was associated with a shorter length of hospitalization by 1.0 days (p<0.001), yet still was more likely to result in unplanned 30-day readmission (5.4 vs. 3.6%; p<0.001). After matching, differences in 30-day mortality dissipated.
For a sub-group of patients whose number of lymph nodes examined was ≥7 (Table 4) , propensity matching (n=2825 per group) revealed that nodal upstaging remained more common following open vs. VATS (14.0 vs 12.1%; p=0.03). However, for patients who were treated in an Academic/Research Program Facility (Table 5) , the difference in nodal upstaging during VATS vs open lobectomy was no longer significant (10.5 vs. 12.2%, p=0.08; n=2008 per group). This subgroup analysis also revealed that the risk of unplanned 30-day readmission was no longer statistically different between the VATS vs. open cohorts. It is possible that the difference may become significant in a larger study cohort.
Discussion
Results from the current study differ somewhat from what has previously been published. Our propensity-matched analysis demonstrates that VATS actually yielded a higher mean number of overall lymph nodes examined compared to open thoracotomy (10.3 ± 7.7 vs. 9.7 ± 7.2; p<0.001). Although the current study is unable to extrapolate why a minimally invasive approach would lead to more lymph nodes examined, it is possible that more lymph nodes are fragmented during VATS than thoracotomy. More importantly, however, this result remained consistent on both sub-group analyses for ≥7 lymph nodes examined and academic/research programs, indicating that a minimally invasive approach does not limit the overall extent of lymph node dissection.
On the other hand, despite the greater number of lymph nodes removed during the VATS approach, our data show that overall nodal upstaging remained more common following an open approach (11.9 vs. 10.1%; p=0.008). It is possible that patients undergoing thoracotomy had larger, more central tumors. While tumor size is controlled for within the propensity model we present, unfortunately the centrality of the tumor is not obtainable from the data within the NCDB. Similar to the results from the STS GTSD study, 16 our data also reveal that the rate of N1 upstaging remained significantly more common following open vs. VATS approach (8.0 vs. 6.9%; p=0.046) and there was no significant difference in the rate of N2 upstaging between the two cohorts. Similar results were noted on subgroup analysis for ≥7 lymph nodes examined; however, the difference between the two groups dissipated when analyzing academic/research programs only. These data may be indicative of differences in minimally invasive surgeon training and/or surgeon specialty at different types of centers.
Lung cancer is the leading cause of cancer mortality in men and women in the U.S., with an estimated 221,200 new cases and 158,040 deaths expected in 2015. 25 The advanced stage at which the majority of lung cancers present accounts largely for the poor survival rate of approximately 15% at 5 years; chemotherapy and radiation provide only small improvements for advanced disease. [26] [27] [28] [29] However, resection of early stage lung cancer is associated with cure rates of 77-92%. [30] [31] [32] To ensure appropriate surgical treatment of early stage NSCLC, an adequate lymphadenectomy is imperative to properly stage patients and guide adjuvant therapy.
Currently, the National Comprehensive Cancer Network (NCCN) recommends that "N1 and N2 nodal resection and mapping should be a routine component of lung cancer resectionsa minimum of three N2 stations sampled or complete lymph node dissection." 33 There are currently no quality metrics in existence that recommend a minimum number of lymph nodes which should be resected during surgery for NSCLC to allow for adequate staging and possible survival benefit. Further, it remains uncertain as how best to measure the extent of lymph node evaluation: number of nodes samples, lymph node stations evaluated, or lymph node weight. Multiple studies within the literature have failed to establish a survival benefit associated with the number of lymph nodes examined in VATS vs. open lobectomy for early stage lung cancer. In a retrospective propensity-matched analysis, Lee et al concluded that while thoracotomy resulted in a more thorough lymph node evaluation (14.3 vs. 11.3 lymph nodes; p=0.001), VATS lobectomy offered similar overall and disease-free survival rates. 17 Merritt and colleagues echoed these findings in their retrospective, singleinstitution analysis of 129 clinical stage N0 NSCLC patients; they concluded that more nodes were evaluated in the open vs. VATS cohort, but there was no difference in 3-year survival. 18 A retrospective, single-institution study from 2010 15 compared the adequacy of lymph node assessment between VATS (n=79) and open (n=464) approaches demonstrated that [1] fewer total number of lymph nodes were sampled with VATS compared with thoracotomy (7.4 ± 0.6 vs. 8.9 ± 0.2, respectively; p=0.029); [2] there was no difference in N1 sampling (5.2 ± 3.6 vs. 4.9 ± 4.2; p=0.592; and [3] fewer mediastinal (N2) nodes were sampled with VATS than with thoracotomy (2.5 ± 3.0 vs. 3.7 ± 3.3, respectively; p=0.004).
A more recent study from the Society of Thoracic Surgeons (STS) General Thoracic Surgery Database (GTSD) sought to determine the frequency of nodal metastases identified in clinically node-negative tumors by open (n=7,137) and VATS (n=1,024) approaches. 16 The authors report that nodal upstaging was observed in 14.3% of open cases compared to 11.6% of VATS (p < .001). Upstaging from N0 to N1 (hilar and peribronchial) was more common in the open group compared to VATS (9.3 vs. 6.7%; p<.001); however, upstaging from N0 to N2 (mediastinal) was not different (open-5.0% and VATS-4.9%; p=0.52). In propensitymatched adjustment, hilar (N1) upstaging remained less common for VATS (6.8 vs. 9%, p=0.002). The study concluded that lower rates of N1 upstaging in the VATS group may indicate variability in the completeness of hilar and peribronchial lymph node dissection. Moreover, they note that the difference in upstaging disappeared when controlling for surgeons who perform the majority of their cases using VATS. reported that VATS appears to result in reduced systemic recurrence and improved 5-year mortality rates. 12 Three more recent series also concluded that there was no difference in long-term survival following VATS vs. open thoracotomy for lobectomy in NSCLC patients. [34] [35] [36] On a final interesting note, we found that the rate of unplanned 30-day readmission was higher for patients following VATS compared to open lobectomy. This result has not been previously published from studies utilizing smaller, academic center-focused or single institution retrospective datasets. In this study, within the subgroup analysis controlling for academic/research center type, the difference in readmission rate was no longer significant ( Table 5 ). These results demonstrate that in a sample more generalizable to a national population, surgical outcomes may differ significantly across center type, and serve to support the hypothesis that center type is a marker for differences in surgeon practice resulting in superior patient outcomes.
We acknowledge that the current study has several limitations. First, it is a retrospective analysis of a de-identified dataset. While we utilized propensity-score matching with the goal of eliminating potential known confounding variables between the two groups, this study cannot account for unmeasured confounding. Second, the lack of long-term survival data for our cohort limits the ability to conclude whether or not the differences in nodal upstaging directly impacts overall patient survival. Third, the NCDB lacks clinical details on patients such as pulmonary function tests, specific medical comorbidities beyond comorbidity scoring, specific nodal stations examined, and centrality of tumor. Fourth, we do not have preoperative staging data on patients within the cohort. It is likely that certain patients underwent endobronchial ultrasound (EBUS), mediastinoscopy and/or PET scan that influenced preoperative clinical staging. Lastly, the database does not contain information on surgeon specialty training or the volume of VATS and open lobectomies at specific institutions.
Despite the aforementioned limitations, the current study utilizes a large generalizable national dataset that contains detailed treatment and staging data. As data are updated in the NCDB, long-term survival data will be available within our study cohort and future investigations will focus on the relationship between lymph node upstaging and overall survival.
Conclusions
From these national data, nodal upstaging was more frequently observed with open thoracotomy compared to VATS for early stage lung cancer, even when a similar number of lymph nodes had been examined. However, nodal upstaging appears to be impacted by facility type, which may represent a surrogate for minimally invasive expertise. Standardized quality assurance of lymph node staging during VATS lobectomy is needed with the goal of eliminating differences in staging when compared to an open approach. An analysis of long-term survival between VATS and thoracotomy approaches to lobectomy for early stage lung cancer remains a critical unmet need in determining optima treatment for NSCLC, to ensure that minimally invasive approaches provide equivalent tumor control compared to open approaches.
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